,
where G is the shear modulus and ν is Poisson's ratio of the planetary lithosphere. The radius decrease due to global contraction results in horizontal stresses that are compressive. These stresses are thought to be the driving force for the widespread thrust faulting observed on Mercury, the Moon, and Mars.
The critical values of the principal stresses -the threshold above which rock failure occurs-for the traditional Coulomb failure [e.g., 9] are given as: ,
where σ c is the unconfined or uniaxial compressive strength of the material, q is a variable relating to the coefficient of internal friction, µ, by , and σ 1 and σ 3 are the greatest and least compressive stresses, respectively. In a tectonic setting governed by global contraction, σ 1 acts in the horizontal plane and can be obtained by eq. (1), whereas σ 3 acts vertically and is equal to the lithostat , where ρ is the rock density, g is the surface gravitational acceleration, and z is the depth below the surface. For near-surface conditions, σ 3 can be assumed to be zero.
Solutions for eq. (2) pertain to intact rock, but planetary lithospheres behave instead as a rock mass [10] . Rock masses [11] on planetary surfaces consist of the intact rock and associated structural weaknesses, such as fractures, impact damage zones, and lithologic contacts that all tend to weaken the overall material. A rock mass rating (RMR), a standardized procedure in geoengineering measured on a scale from 0 to 100 where 100 represents intact rock, can account for the degree and condition of weaknesses as well as for pore pressure conditions within the rock [e.g., 11] to evaluate likely rock strength parameters on the lithospheric scale [10] .
The brittle strength of a rock mass is given by: ,
where m and s are the so-called Hoek-Brown parameters that reflect the degree of block interlocking and fracturing of the rock mass [12] .
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If and , then the limits of the brittle strength of planetary lithospheres can be assessed with respect to stresses from global contraction for nearsurface stress conditions by setting eq. (1) as equal to eq. (2) or (3). Solving for ΔR then yields the minimum value of radius decrease of a given planet for brittle failure to occur. These radius changes have not, so far, been included in estimates of global contraction from thrust fault mapping [1] [2] [3] [4] [5] .
Results: For basaltic rocks with rock strength parameters (cohesion, coefficient of internal friction, and unconfined compressive strength) consistent with laboratory measurements of terrestrial and lunar basalts [e.g. 13] (Table 1) , intact lithospheres on Mercury, the Moon, and Mars could stay intact and still accommodate planetary radius changes of 6.4 km, 4.5 km, and 8.9 km, respectively (Table 1) . Of course, the lithospheres of these planetary bodies are not intact, as geologic layering and the impact process have introduced major weaknesses of various degrees, decreasing rock densities near the surface [14] . Therefore, the strength parameters for intact rock must be adjusted by using RMR.
It is apparent from Figure 1 that the calculated planetary radius change decreases exponentially with decreasing RMR values. Basaltic rock masses are found to have typical RMR values between 45 and 75 [15] , corresponding to a fair to good rock mass quality. Within the bounds of these RMR values, Mercury's radius could have decreased by 0.3-1.6 km before the onset of major thrust faulting (Table 1) . Prior to brittle failure on the Moon, the lunar lithosphere would have been able to accommodate a radius change of 0.2-1.1 km (Table 1) , a value more than an order of magnitude greater than that estimated from fault mapping [4] .
Brittle failure in the martian lithosphere would not have occurred until ΔR * = 0.4 km to 2.2 km.
These results show that the response of planetary lithospheres to global contraction does not begin with the formation of thrust faults, and that substantial amounts of planetary radius change can be taken up prior to the onset of widespread compressional tectonic activity. 

